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(54) Title: CARBOSTYRR- DERIVATIVE FOR CURING OPHTHALMOLOGICAL DISEASES 



(57) Abstract 

The present invention provides an agent for 
curing ophthalmologic! diseases which contains, 
as the active ingredient, a carbostyril derivative 
or salt thereof represented by general formula 
(I), wherein R is a halogen atom, particularly 
the invention provides effective agent for curing 
xerophalmia (dry eye) syndrome. 
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DESCRIPTION 



CARBOSTYRIL DERIVATIVE FOR CURING OP HT H A LMO LOG I C AL DISEASES 



FIELD OF THE INVENTION 



The present invention relates to an agent for 



curing ophthalmo logical diseases which contains, as the 

, a carbostyril derivative or salt 
, the present invention 
relates to an agent for curing ophthalmological 
diseases, especially xerophthalmia syndrome, commonly 
called as "dry eye" which contains, as the effective 
ingredient, a carbostyril derivative or salt thereof 
10 represented by the general formula ( I ) , 




N 
H 



CHjCH-COOH 
I 

NHCO 




(I) 



(wherein R is a halogen atom, the substituted position 
of the side-chain of the formula, 



CHiCH-COOH 

/ I 

NHCO 
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is 3- or 4 -position in the carbostyril skeleton, and 
the carbon-carbon bond between 3- and 4 -positions in 
the carbostyril skeleton is a single bond or a double 
bond), more preferably 2-(4-chlorobenzoylamino)-3-( 2- 
5 quinolon-4-yl) propionic acid or salt thereof • 

BACKGROUND ART 

The carbostyril derivatives represented by 
the general formula (I) and process for producing the 
same are described in Japanese Patent Publication No. 

10 63-35623, the usefulness of carbostyril derivatives 

as ant i -gastric ulcer agents is described in Japanese 
Patent Application Kokai (Laid-open) No. 3-74329, and 
processes for producing those carbostyril derivatives 
having optical activities are described in Japanese 

15 Patent Application Kokai (Laid-open) No. 3-145468. 

Further, the inhibitory effect of carbostyril 
derivatives of the present invention on reactive oxygen 
metabolites is described in Japan. J. Pharmacol., Vol. 
49, pp. 441-448 (1969), and the protectability of 

20 gastric mucous membrane by carbostyril derivatives of 
the present invention is described in Folia Pharmacol. 
Japon., Vol. 97, pp. 371-380 (1991). 

Furthermore, the usefulness of carbostyril 
derivatives as agents for curing diabetes mellitus is 

25 described in International Publication No. WO 92/21342, 
the usefulness of carbostyril derivatives as agents for 
protecting the intestinal mucosa from disorders is 
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described in International Publication No. WO 94/12182, 
and the usefulness of carbostyril derivatives as agents 
for inhibiting the reduction in secretion of somato- 
statin is described in International Publication No, 

5 WO 93/24043. 

"Dry eye H symptom (xerophthalmia) is a patho- 
genic state (pathema) of the eye in which the surface 
of the eye cannot be maintained to normal condition due 
to a shortage of the amount of tears. Furthermore , the 

10 mucous membranes (the epithelia of the cornea and con- 
juctiva) on the surface of the eye may be caused not 
only by an abnormal shortage of the amount of tears, 
but also by an abnormal nature of tears [Cf . DORAI-AI 
(dry eye), page 11, by Kazuo TSUBOTA, published from 

15 NIPPON-HYOrONSHA] • In addition to the above, such dry 
eye symptoms may be observed in case of Sjogren's 
syndrome with abnormal states (the amount and nature) 
of tears. Also, there have been known that the dry eye 
symptom may be occurred in the end-stage of Stevens- 

20 Johnson syndrome and observed that the cornea and 
con juctiva are injured. 

Tear fluid (lacrima) is a very thin liquid 
layer having 7 p in thickness, which covers the 
outmost (extima) layer of the front of eye, and having 

25 trilaminar structure consisting of lipid layer, aqueous 
layer and mucoid layer. The lipid layer being existed 
on the outmost surface layer of the tear fluid is an 
oily film, which is produced and secreted mainly from 
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the meibomian glands located in periphery of the 
eyelids, and covers all over the aqueous layer. The 
lipid layer is considered to have the function for 
preventing evaporation of water from the aqueous layer* 
5 The aqueous layer is a portion of so-called "tears" 
which occupies the most thickness of the tear fluid 
layer, and 98% of the constituent thereof is water. A 
pathogenic state in decreasing of the amount of this 
aqueous layer is so-called as "dry eye" symptom. The 

10 mucoid layer covers the hydrophobic surface of the 

epithelium of the cornea, this mucoid layer changes the 
hydrophobic surface of the epithelium of the cornea to 
hydrophilic nature to maintains and extends the aqueous 
layer in the tear fluid, so that the aqueous layer can 

15 be able to maintain on the surface of the epithelium of 
the cornea. Cells related to producing said mucoid 
layer are goblet cells being contained in the 
conjuctiva. 

As explained above, the tear fluid which may 
20 cause directly to introduce the "dry eye" symptom is 

involved in various tissue cells. Also the concept of 
"dry eye" symptom is complicated, so that a common type 
of eye drop preparation can only gives a temporary 
medical measure, thus at the present stage fundamental 
25 method for medical treatment of the "dry eye" symptom 
have not been found yet. So that new method and new 
agent for curing the "dry eye" symptom have been 
eagerly expected. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

Fig- 1 shows a figure relating to the effect 
of carbostyril derivative of the present invention 
against the amount of mucoid substance covering the 
5 conjuctiva in normal rabbits determined by Alcian blue 

binding method . 

Fig* 2 shows a figure relating to the effect 
of carbostyril derivative of the present invention 
against the number of goblet cells in normal rabbits. 

10 Fig. 3 shows a figure relating to the effect 

of carbostyril derivative of the present invention 
against the amount of tears secreted in normal rabbits < 

Fig. 4 shows a figure relating to the effect 
of carbostyril derivative of the present invention 

15 against the proliferation of the cornea epithelium 
cells in normal rabbits. 

Fig. 5 shows a figure relating to the effect 
of carbostyril derivative of the present invention 
against the mucoid capsulitis in normal rabbits 

20 determined by a method of Rose Bengal score. 

Fig. 6 shows a figure relating to the effect 
of carbostyril derivative of the present invention 
against injury of the corneal epithelium in normal 
rabbits caused by preventing of blinking. 

25 Fig. 7 shows a figure relating to the effect 

of carbostyril derivative of the present invention 
against the increased amount of mucoid substance 
covering the conjuctiva in normal rabbits of which the 
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mucoid layer was removed and determined by an Alcian 
blue blinding method. 

DISCLOSURE OF THE INVENTION 

As the results of extensive research work, 
5 the present inventors have found the facts that 

carbostyril derivatives represented by the general 
formula ( I ) , particularly among of these, 2-(4- 
chlorobenzoylamino ) -3- ( 2-quinolon-4-yl )propionic acid 
or a salt thereof possess the effect for increasing the 

10 number of the goblet cells, the effect for increasing 
secretion of mucus of the front of the eye, the 
effect for accelerating proliferation of the corneal 
epithelium cells, as well as the effect for increasing 
secretion of tear fluid, thus said carbostyril deriva- 

15 tive is useful as an agent for curing xerophthalmia 
syndrome, and finally the present invention has been 
completed . 

Carbostyril derivatives represented by the 
general formula (I), particularly among of these, 2- 

20 (4-chlorobenzoylamino)-3-(2-quinolon-4-yl )propionic 
acid or a salt thereof increases the production of 
ophthalmological mucin by increasing the number of 
goblet cells, as the results said compound prevents 
decreasing the amount of mucin in case of the M dry eye" 

25 syndrome, while said compound of the present invention 
increases the amount of mucus of the eye as to maintain 
the aqueous layer in the tear fluid. Further, said 
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compound of the present, invention shows the effect for 
increasing the amount of tear fluid , thus said compound 
of the present invention is useful as an agent for 
curing the "dry eye" syndrome. Additionally, said 
5 compound of the present invention is an agent useful 
not only for curing Sjogren's syndrome and Stevens- 
Johnson syndrome , which shows the dry eye symptom, but 
also useful as an agent for preventing and/or curing 
the second disease (deuteropathy ) caused by the "dry 

10 eye" symptoms or various ophthalmo logical diseases 

which are resulted from decreasing the number of goblet 
cells and lowering the amount of mucus* In case of the 
"dry eye" symptom, the eye is very sensitive to be 
injured, because the surface of the eyeball is dried. 

15 In this connection, the compound of the present inven- 
tion is useful as the active ingredient to be contained 
in an agent for curing the wound of the surface of the 
eye, particularly an agent for curing wound of the 
corneal epithelium or an agent for intraocular per- 

20 fusion and agent for washing used in ophthalmological 
operations (including operations of cataract, the 
vitreous body and glaucoma), because the compound has 
the effect for accelerating the proliferation of the 
corneal epithelium cells. 

25 An agent for curing ophthalmological diseases 

of the present invention can be prepared into various 
forms of common pharmaceutical preparations by formu- 
lating the carbostyril derivative represented by the 
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general formula (I) or salt thereof as the effective 
ingredient. Such forms of pharmaceutical preparations 
are prepared by formulating the carbostyril derivative 
(I) with diluents or excipients, for example, fillers, 
5 extenders, binders, wetting agents, disintegrants , 

surfactants, lublicants and the like which are commonly 
employed. 

The pharmaceutical preparations can be shaped 
into various forms depending upon the curing purposes, 

10 thus typical examples of the forms are ophthalmologic 
cally acceptable pharmaceutical preparations, such as 
eye drop preparations and oculentums and the like. 

In addition to the eye drop preparations and 
oculentums, the pharmaceutical preparations can be 

15 shaped into tablets, pills, powders, liquid medicines, 
suspensions, emulsions, granules, capsules, supposi- 
tories, injection preparations (liquids, suspensions 
and the like), aerosol preparations, syrup prepara- 
tions, preparations for external use and the like. 

20 Further, sustained release preparations can also be 
prepared by formulating with suitable resins. 

In case of formulating the pharmaceutical 
preparations into eye drops, oculentums and the like, 
they are prepared in accordance with common method 

25 by using usual vehicles (diluting agents) acceptable 
to pharmaceutical preparations for ophthalmological 
use. Thus, they are prepared by mixing the effective 
ingredient with a suitable diluting agent, then the 
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mixture is subjected to sterxlizxng treatment . 

For example, in case of preparing oculentums, 
various base materials which are widely used in this 
field, such as emulsion type ointment base, water- 
5 soluble type ointment base, suspension type ointment 
base and the like can be employed. As to typical 
examples of these base materials, white petrolatum, 
refined lanolin, liquid paraffin and the like can be 
exemplified. In case of producing eye drop prepara- 
10 tions, sterilized distilled water can be employed as 
typical diluting agent. 

If necessary, a dissolving additive, a 
buffering agent, an antioxidant, a preservative, an 
isotonic agent, a pH- control ling agent and the like 

* 

15 can be formulated with an pharmaceutical preparation 
applicable for ophthalmological purpose- As to the 
dissolving additives, carboxymethyl cellulose-Na ; 
polyoxyethylene glycol ethers, such as polyoxyethylene 
lauryl ether, polyoxyehylene oleyl ether and the like; 

20 polyethylene glycol higher fatty acid esters, such as 
polyethylene glycol monolaurate, poyethylene glycol 
monooleate and the like; polyoxyethylene sorbitan 
monolaurate; polyoxyethylene fatty acid esters and the 
like can be exemplified. As to the buffering agents, 

25 sodium phosphates, sodium hydrogen phosphate, potassium 
hydrogen phosphate, nitric acid, sodium nitrate, citric 
acid, sodium citrate, tartaric acid, sodium tartarate, 
acetic acid, sodium acetate, c-aminocaproic acid, 
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sodium glutamate and the like can be exemplified. As 
to the antioxidants, sodium sulfite, sodium pyro- 
sulfite, sodium bisulfite, sodium thiosulfite, ascorbic 
acid and the like can be exemplified. As to the 
5 preservatives, chlorobutanol, benzalkonium chloride, 

benzethonium chloride, phenylmercury salts, thimerosal, 
phenethyl alcohol, methylparaben, propylparaben and the 
like can be exemplified* As to the isotonic agents, 
sodium chloride, glucose, D-mannitol, glycerin and the 

10 like can be exemplified. As to the dissolving agents, 
N-methyglucamine can be employed. As to the pH- 
controlling agents, sodium hydroxide, hydrochloric acid 
and the like can be exemplified. 

For the purpose of shaping into the form of 

15 tablets, any known carriers which are used widely in 

this field can be applied, for example, excipients such 
as lactose, white sugar, sodium chloride, glucose, 
urea, starch, calcium carbonate, kaolin, crystalline 
cellulose, silicic acid and the like; binders such as 

20 water, ethanol, propanol, simple syrup, glucose 
solution, starch solution, gelatin solution, 
carboxymethyl cellulose, shellac, methyl cellulose, 
potassium phosphate, polyvinyl pyrrolidone and the 
like? disintegrators such as dry starch, sodium 

25 alginate, agar powder, laminar in powder, sodium 

hydrogen-carbonate, calcium carbonate, polyoxy ethylene 
sorbitan fatty acid esters, sodium lauryl sulfate, 
monoglycerides of stearic acid, starch, lactose and the 
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like; disintegration inhibitors such as white sugar, 
stearin, cacao butter, hydrogenated oils and the like; 
absorption accelerators such as quaternary ammonium 
base, sodium lauryl sulfate and the like; humectants 
5 such as glycerin, starch and the like; adsorbents such 
as starch, lactose, kaolin, bentonite, colloidal 
silicic acid and the like; lubricants such as refined 
talc, stearic acid salts, boric acid powder, poly- 
ethylene glycols and the like. In case of necessity, 

10 the tablets can be prepared in the form of common 
coated tablets, for example, sugar-coated tablets, 
gelatin film-coated tablets, enteric film-coated 
tablets, film-coated tablets, or in the form of double- 
layers tablets, multiple-layers tablets and the like. 

15 For the purpose of shaping into the form of 

pills, any known carriers which are widely used in this 
field can be applied, for example, excipients such as 
glucose, lactose, starch, cacao butter, hydrogenated 
vegetable oils, kaolin, talc and the like; binders such 

20 as arable gum powder, tragacanth gum powder, gelatin, 
ethanol and the like; and disintegrators such as 
laminarin, agar-agar and the like can be exemplified. 

For the purpose of shaping into the form of 
suppositories, any known carriers which are widely used 

25 in this field can be applied, for exmaple, polyethylene 
glycols, cacao butter, higher alcohols, esters of 
higher alcohol, gelatin, semi -synthesized glycerides 
and the like can be exempli fi 
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For the purpose of shaping into the form of 
injection preparations, they can be prepared to 
solutions, emulsions or suspensions. Generally they 
are sterilized and preferably made isotonic to the 
5 blood. In preparing the injection preparations as in 
the form of solutions , emulsions or suspensions, any 
known diluents which are widely used in this field can 
be applied. For example, water, ethanol, propylene 
glycol, ethoxylated isostearyl alcohol, polyoxylated 

10 isostearyl alcohol, fatty acid esters of polyoxy- 

ethylene sorbitan and the like can be exemplified. In 
the case of make the injection preparations isotonic 
to the blood, sufficient amount of sodium chloride, 
glucose or glycerin may be contained therein. 

15 Additionally, a dissolving adjuvant, a buffer solution, 
an analgesic agent and the like which are commonly used 
may be contained therein. In case of necessity, a 
coloring agent, a preservatives, a perfume, a flavoring 
agent, a sweetening agent and other medicines may be 

20 contained therein* 

External preparations are prepared in the 
form of common pharmaceutical preparations for external 
use. As to common pharmaceutical preparations for 
external use are including, for example, a liquid 

25 medicine, a medicinal oil, a lotion, a liniment, an 

oleoginous ointment, an emulsion type ointment, such as 
0/W type hydrophilic ointment and W/0 type water- 
absorbing ointment, a water-soluble ointment, a pasta. 



• ■ « I 



WO 97/13515 PCT/JP96/02850 

13 

a plaster, a patch, a cream, an emulsion and the like, 
and these forms of pharmaceutical preparations for 
external use are not restricted within the scope of 
these examples. Each one of these forms of pharma- 
5 ceutical preparations for external use can be prepared 
by common methods . 

In shaping of these external preparations, 
various base materisls which are widely used in this 
field can be also applied. For example, at least one 

10 oleoginous base can be used singly, or mixture of two 
or more of them can be used widely; or at least one 
water-soluble ointment base can be used singly, or 
mixture of two or more of them can be used widely. 
" Concrete examples of these ointment base are fats and 

IS oils such as peanut oil, sesame oil, soybean oil, 

saf flower oil, avogado oil, sunflower oil, corn oil, 
rapeseed oil, cotton seed oil, castor oil, camellia 
oil, coconut oil, olive oil, poppy seed oil, cacao 
butter, beef tallow, lard, wool fat and the like? 

20 modified bases obtained by subjecting these fats and 

oils to chemical changes such as hydrogenation; mineral 
oils such as petrolatum, paraffin, silicone oil, 
squalane and the like; higher fatty acid esters such as 
isopropyl myristate, n-butyl myristate, isopropyl 

25 linoleate, acetyl ricinoleate, stearyl ricinoleate, 
propyl ricinoleate, isopropyl ricinoleate, isobutyl 
ricinoleate, heptyl ricinoleate, diethyl sebacate and 
diisopropyl adipate; higher aliphatic alcohols such as 
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cetyl alcohol and stearyl alcohol; waxes such as 
bleached bees wax, spermaceti r Japan wax, lanolin, 
carnauba wax, shellac wax and the like; higher fatty 
acids such as stearic acid, oleic acid, palmitic acid 
5 and the like; mixtures of mono-, di- and tri-glycerides 
of saturated or unsaturated fatty acids having 12 to 18 
carbon atoms; polyhydric alcohols such as ethylene 
glycols, polyethylene glycols, propylene glycol, 
polypropylene glycols, glycerin, batyl alcohol, 

10 pentaerythritol , sorbitol, mannitol and the like; gummy 
substances such as arable gum, benzoic gum, guaiacum, 
tragacanth gum and the like; water-soluble natural high 
molecular compounds such as gelatin, starch, casein, 
dextrin, pectin, sodium pectate, sodium alginate, 

15 methyl cellulose, ethyl cellulose, carboxymethyl 
cellulose, hydroxyethyl cellulose, hydroxypropyl 
cellulose, nitrocellulose, crystalline cellulose and 
the like; water-soluble synthetic high molecular 
compounds such as polyvinyl alcohol, poly( vinyl methyl 

20 ether), polyvinyl pyrrolidone, sodium polyacrylate, 

carboxyvinyl polymer, polyethyleneimine and the like; 
nonionic, anionic, amphoteric and cationic surfactants; 
ethanol, isopropanol and water, can be exemplified. 

To the pharmaceutical preparations for 

25 external use, there can be added common additives such 
as a geling agent, a preservative, an antioxidant, a 
buffer solution, a pH controlling agent, a wetting 
agent, an antiseptic agent, a coloring agent, a 
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flavoring agent, a pigment, a thickening agent, a metal 
chelating agent and the like. 

Aerosol type preparations can be prepared 
generally by formulating a sterilized solution or 
5 suspension of the carbostyril derivative of the general 
formula (I) with a propellant. In case of shaping in 
the form of a solution or suspension, any one of known 
diluents which are commonly used in this field can also 
be used, thus the diluents which are exemplified in 

10 formulating the injection preparations can be used. As 
to the propellant, any one of the propellants which are 
commonly used in this field can also be used, thus, 
liquefied gas propellants such as chlorof luorocarbons 
like dichlorodif luoromethane or trif luorodichloro- 

15 ethane; compressed gas propellants such as nitrogen 
gas, carbon dioxide gas and the like can be exempli- 
fied. The aerosol type preparations may further 
contain a common solubilizing adjuvant, a buffering 
agent, and the like, and if necessary, a coloring 

20 agent, a preservative, a perfume, a flavoring agent, a 
sweetening agent may be added thereto. 

The amount of the effective ingredient to be 
contained in the agents for curing ophthalmological 
diseases of the present invention is not specifically 

25 restricted and can be selected from a wide range, and 
generally the amount may be selected within the range 
of from 0.005 to 5 % by weight, preferably 0.01 to 3 % 
by weight. 
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Method for administering the agent of the 
present invention is not specifically restricted* 
Thus, the agent may be administered by methods similar 
to those employed in usual pharmaceutical preparations 
5 acceptable for ophthalmological use, depending upon 
the form of preparation, the age of patient, the dis- 
tinction of sex and other conditions, the degree of 
disease condition of the patient. 

As to a typical method for administration of 

10 the agent of the present invention, for example, an 
ocuientum is administered by coating on the eye. An 
eye drop preparation is administered by a method 
similar to that of employed in common eye drop prepa- 
ration, for example, 1 to 2 drops of an eye drop 

15 preparation is dropped in the eye from a suitable eye 
drop container. Further, an eye drop preparation may 
be administered in the eye by use of a spraying device. 

As to other methods for administration of the 
agent of the present invention, for example, tablets, 

20 pills, a liquid preparation, a suspension preparation, 
an emulsion preparation, a granular preparation, a 
syrup preparation and a capsule preparation are 
administered orally. An injection preparation is 
administered singly or in combination with a common 

25 auxiliary solution such as a glucose solution and/or an 
amino acid solution, intravenously. In case of 
necessity, the injection preparation is administered 
singly intramuscularly, intradermal ly , subcutaneously 



■' t) 



WO 37/13515 PCT/JP96/02850 

17 

or intraperitoneal ly. A suppository is administered 

intrarectal ly. 

Dosage of the agent of the present invention 
may be suitably selected depend upon the method for 
5 administration , the age of patient, the distinction of 
sex, and other conditions, as well as the degree of 
disease condition of the patient and other related 
factors, and generally an agent acceptable for ophthal- 
mological use, for example an eye drop or an olculentum 
10 is administered 1 to 15 times a day, preferably within 
a range of 1 to 10 times a day. 



EXAMPLES 

An agent for curing ophthalmological disease 
of the present invention will be explained specifically 
15 by illustrating an example of pharmaceutical prepara- 
tion and pharmacological experiments ♦ 



Example of pharmaceutical preparation 1 

2 - ( 4-Chlorobenzoy lamino )-3-(2- 

quinolon-4-yl) propionic acid 0.20 g 

20 Benzalkonium chloride 0.01 g 

Sodium dihydrogen phosphate 0.56 g 

Potassium dihydrogen phosphate 0.80 g 

Distilled water g.s* 



25 



Total 100.00 ml 
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Each one of the above-mentioned ingredients 
are dissolved in distilled water, then the resulting 
solution was sterilized and filtrated by using a suita- 
ble filter paper to prepare an agent of the present 
5 invention in the form of an eye drop preparation. 



ical Test 1 
(1) Test liquids 

As to the specific example of the effective 
ingredient of the agents for curing ophtha lino logical 
10 diseases of the present invention, 2-( 4-chlorobenzoyl- 
amino)-3-(2-quinolon-4-yl)propionic acid (hereinafter 
referred to as the compound of the present invention) 
was used and prepared the following dissolving liquid 
and suspension liquid, and used them as test liquids. 
15 a) 3% Dissolving liquid 

The compound of the 

present invention 3.00 g 

Meglumine (N-Methylglucamine) 2.64 g 

Concentrated glycerin 1.80 g 

20 Hydrochloric acid q.s. 

10% Benzalkonium 0.10 ml 
Water (an adequate amount was 
added to adjust the whole 
volume to:) 100 ml 
25 ^ 



pH (the pH value was adjusted to within the 
range of : ) 8.3 to 9.3 
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b) 3% Suspension liquid 

The compound of the 

present invention 3*00 g 

Sodium dihydrogen phosphate 0.40 g 

Di sodium hydrogenphosphate 0.47 g 

Sodium chloride 0.50 g 

Carboxymethyl cellulose-Na 0.20 g 

80 0.16 g 

10% Benzalkonium chloride 0.10 ml 

10 Water (an adequate amount was 

added to adjust the whole 
volume tot ) 100 ml 



pH (the pH value was adjusted to within the 
15 range of:) 6.5 to 7.5 



On the other hand, physiological saline was 
used as the control test in place of the test liquids. 

(2) Experimental method and the results 

To both eyes of 3 normal rabbits , the 
20 above-mentioned test liquid were administered by eye 

drop, in an amount of 50 nl/one eye/one administration. 

Each of the test group and the control group consists 

of 3 rabbits, thus, 6 eyes were used in each group. 

The administration was conducted 4 times a day, and was 
25 continued for 2 weeks. After that, each one of the 

rabbits was killed, then the following 3 items of tests 
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were conducted. 



(i) Measurement of the amount of mucoid substance 
covering on the surface of the conjuctiva 
(Measurement by Alcian Blue binding method 1 
5 The above-mentioned normal rabbits were 

killed, and the whole conjunctivae of the rabbits were 
enucleated. Next, the enucleated conjunctivae were 
washed with an ice-cooled aqueous solution of 0*25 M 
sucrose, and weight of each of the tissue of 

10 conjunctivae was measured. 

The conjuctiva thus treated was incubated in 
10 ml of 0.1% Alcian Blue solution at room temperature 
for 1.5 hours, then was washed with an aqueous solution 
of 0.25 M sucrose for 15 minutes, further washed with 

15 the same solution for 45 minutes. The conjuctiva thus 
obtained was further incubated in 10 ml of an aqueous 
solution of 0.5 M MgCl 2 for 2 hours, so as to extract 
the colorant being binded with mucoid layer of the 
conjuctiva. The extract thus obtained was washed with 

20 10 ml of diethyl ether, and the optical density of the 
aqueous layer was measured at 605 nm, and the optical 
density per weight of the tissue (O.D. unit/g of 
tissue) was calculated (mean value ± S.E., n = 4 eyes). 
The results are shown in Fig. 1. 

25 As can be seen from Fig. 1, the amount of the 

colorant (Alcian blue) being binded with the mucoid 
substance covering on the conjuctiva of the normal 
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rabbits of the test group r to which 3% dissolving 
liquid and 3% suspension liquid (both of them contain- 
ing the compound of the present invention, respec- 
tively) were administered by eye drop, were measured in 
5 the larger value as compared with that measured in the 
rabbits of the control group. Thus, the compound of 
the present invention shows the effect for increasing 
the amount of the mucoid substance covering the surface 
on the conjuctiva. 

10 <ii) Measurement of the number of the goblet cells 

contained in the conjuctiva 

(Measurement bv method of impression cytology 1 

The portion of the bulbar conjunctiva, which 
is located closely to the nasolactimal duct at the 

15 upper position of the eye of the rabbit being treated 
with the above-mentioned test liquids, was slightly 
dried, then a piece of millipore filter was put thereon 
and the filter was impressed to collect samples of the 
epithelium cells of the conjuctive as well as the 

20 goblet cells* The collected cells were fixed with 70% 
ethanol and were stained by use of periodic acid-Schiff 
reaction (PAS) and hematoxylin, next the thus stained 
millipore filter was changed to transparent by use of 
xylene and was enclosed in the space of a preparative 

25 glass. The thus obtained sample in the preparative 

glass was photo-graphed, and the number of the goblet 
cells (mean value ± S.E*, n = 4 eyes) per unit area 
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(0*09 mm 2 ) was calculated. The results are shown in 
Fig. 2. 

As can be seen from Fig. 2, the number of the 
goblet cells contained on the conjuctiva of the normal 
5 rabbits of the test group, to which 3% dissolving 

liquid and 3% suspension liquid (both of them contain- 
ing the compound of the present invention , respec- 
tively) were administered by eye drop, was measured in 
the larger value as compared with those measured in the 
10 rabbits of the control group. Thus, the compound the 
present invention shows the effects for increasing the 
amount of mucoid substance and also increasing the 
amount of tear fluid as well. 

(iii) Measurement of the amount of tear fluid 

* 

15 (Measurement by modified method of Schirmer 

test I) 

To the normal rabbits of the test group 
being treated with the above-mentioned test liquids, 30 
M.1 of Benoxil (a trade name for 0.4% of oxybuprocaine 

20 hydrochloride solution for eye drop use, manufactured 

by Santen Pharmaceutical Co., Ltd.) was administered by 
eye drop 5 minutes before the following test for 
measuring the amount of tears fluid. The rabbits were 
allowed to stand as they are for 4 minutes, and the 

25 tear fluid on the surface of the eyes were wiped off. 
Then, 1 minute after, a piece of Schirmer test paper 
was put in a space between the inside of the lower 
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eyelid and the surface of the eye (the start for 
measuring the amount of tear fluid)- The rabbits were 
allowed to stand as they were for 5 minutes , then the 
length (mm) (mean value t S.E., n = 4 eyes) of tear 
5 fluid being permeated on the Schirmer test paper was 
measured. The results are shown in Fig. 3. 

As can be seen from Fig. 3, the amount of 
tear fluid of the normal rabbits of the test group , to 
which 3% dissolving liquid and 3% suspension liquid 

10 (both of them containing the compound of the present 

invention , respectively) were administered by eye drop, 
were measured in larger value as compared with those 
measured in the rabbits of the control group. Thus, 
the compound of the present invention shows the effects 

15 for increasing the amount of tear fluid as compared 
with those shown by the rabbit of the control group. 



Pharmacological Test 2 
(1) Experimental method 

The eyeballs were enucleated from New Zealand 

20 White female rabbit, and a sample piece of the 

sclerocornea was prepared. After peeled off the 
Desceraet's membrane and the endotheliocyte from said 
sample piece under observation by use of a stereoscopic 
microscope, then the sample piece of the sclerocornea 

25 was washed 4 to 5 times with a phosphate buffered 

physiological saline so as to made the sample as in an 
aseptic condition (asepsis). Next, said aseptic sample 
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piece of sclerocornea was soaked in a Dulbecco's modi- 
fied Eagle's culture medium F12 (DME/P12) (1:1), and 
about 20 pieces of small square sample blocks having a 
side of 2 • 3 mm of the cornea were cut out from each 
5 one of all of the cornea samples by using a razor 
blade* Into a tissue culture dish having 60 mm in 
diameter, 7 to 8 pieces of these small sample blocks of 
the cornea were put in the dish and adhere the downside 
of the block to the bottom of the dish so as to keep 

10 the corneal epithelium upside f and were cultivated in a 
culture medium containing 10% FCS, 10 ng/ml of hBGF 
added-DME/F12 (1:1) under an atmosphere of 5% C0 2 -95% 
air, at 37°C. After 2 days of cultivation , the small 
sample blocks of the corneal epithelium were took out 

15 from the culture medium and the medium was exchanged. 

The cultivation was continued for 4-5 days 
(the culture medium was exchanged 1-3 times), then 
the culture medium was removed, the small sample blocks 
of the corneal epithelium were washed with a phosphate 

20 buffer solution, the cells were floated in a solution 
of 0.1% trypsin - 0.02% EDTA, and was suspended in a 
culture medium of DME/F12 (lsl) containing 10% FCS , 
next the suspension was inoculated on a multiwell 
cultivating dish having 12 wells in an amount of 1 x 

25 10 A cells/well. After about 12 hours, the culture 
medium was exchanged to another medium of DME/F12 
containing 1% FCS, and the compound of the present 
invention which was the same as used in Pharmacological 
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Test 1 was dissolved in DMSO and added in the concent- 
ration of 10"* to 10" 6 M . 

48 Hours after the addition of the compound 
of the present invention, the culture medium containing 
the compound of the present invention was exchanged. 
96 Hours after the addition of the compound of the 
present: invention, the cells were floated in a solution 
of 0.1% trypsin - 0.02% EDTA, and the number of the 
cells was counted (mean value ± S.E., n = 6 eyes) by 
using a Coulter counter. 

As to the reference test, sodium hyaluronate 
(1 mg/ml) was used in place of the compound of the 
present invention. As to the control test, DMSO 
without containing a compound of the present invention 
was used . 



(2) Test results 

The results are shown in Fig . 4 . As can be 
seen from Fig. 4, in case of treating the corneal 
epithelium with the compound of the present invention, 
excellent effect for increasing the proliferation of 
corneal epithelium was shown as compared with that 
shown in the reference test by using sodium hyaluronate 
which is recognized as a compound having the activity 
for increasing the proliferation of corneal epithelium. 
In the Fig, 4, the symbol means p < 0.05 vs 

control? and the symbol means p < 0.01 vs control. 
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Pharmacological Test 3 

(Test of the dry eye model prepared by compulsive 
blowing) 
(1) Test liquid 
5 As to the specific example of the effective 

ingredient of the agents for curing ophthalmological 
diseases of the present invention, 2-( 4-chlorobenzoyl- 
amino ) -3- ( 2-quinolon-4-yl ) propionic acid ( hereinafter 
referred to as the compound of the present invention) 
10 was used and prepared the following 1% eye drop liquid, 
and used it as test liquid. 



1% Eye drop liquid 

The compound of the present invention 0*50 g 
Meglumine (N-Methylglucamine) 1.32 g 

15 Concentrated glycerin 0,45 g 

10% Benzalkonium 50 \xl 

Polysiological saline (an adequate 
amount was added to adjust the 
whole volume to: ) 50 ml 



20 



pH (the pH value was adjusted to 

within the range of : ) 8.8 to 9,3 

Osmotic pressure (the osmotic pressure 
was adjusted to within the range 
25 of i) 290 to 300 mOsm 



As to the control test, the above-mentioned 



%■ 
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dissolving agent of the eye drop without containing a 
compound of the present invention was used as the 
reference* 

(2) Method for preparing the dry eye model (the 
5 mucoid capsulitis and injury of cornea 

epithelium) 

A New Zealand White female rabbits were used 
for the test . The nictitating membrane of the rabbit 
was excised before the test* 

10 To both eyes of the rabbit was administered/ 

as anesthetics, by injecting in the muscle with 200 
mg/body weight of Ketamin hydrochloride and dropping 4% 
of oxybuprocaine hydrochloride solution in the dosage 
of 2 drops/eye. 

15 The distance between a dryer and the cornea 

was kept in 10 cm, and wind was blown from the dryer to 
the direction in front of the cornea for 10 minutes. 
The tear fluid was evaporated, and the surface of the 
cornea was dried, then the mucoid capsulitis and 

20 injury of cornea epithelium were induced thereby. 



(3) Administration of the test compound 

Two weeks before conducting the wind blowing 
from the dryer, the 1% eye drop liquid was admini- 
25 stered. After preparation of the dry eye model by wind 
blowing from the dryer, the 1% eye drop liquid was 
administered for 2 weeks. Administrations of the 1% 
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eye drop liquid were conducted 4 times/day at intervals 
of 2.5 hours before and after the administrations. 

As to the control test, the dissolving agent 
of the eye drop without containing a compound of the 
5 present invention was used as the reference. 

(4) Evaluation method and the results 

Results of the test were evaluated regarding 
the following 2 items in connection with before 
administration with the 1% eye drop liquid; before 
10 conducting the wind blowing; 1, 4, 7, 10 and 14 days 
after the wind blowing. 

m 

(L) Score evaluation of the injured cornea by method 
of intravital staining with Rose Bengal colorant 
The cells of the cornea which were not 
15 covered with mucoid substance were stained by method of 
intravital staining with Rose Bengal colorant, and the 
mucoid capsulitis on the cornea of the rabbit of the 
test group were evaluated on the basis of the following 
score evaluations according to the stained degree of 
20 the cornea (mean value ± S.E., n = 10 eyes). 



« 3 
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Score evaluations (Perfect score: 3 points) 
Score 0: The cornea was not stained at all. 
Score It Less than 1/3 of the area of the 

all cornea was stained uniformly, 
5 or less than 2/3 of the area of 

the cornea was stained spots . 
Score 2: 1/3 - 2/3 of the area of the all 

cornea was stained uniformly , or 
more than 2/3 of the area of the 
10 cornea was stained spots; or less 

than 1/3 of the area of the all 
cornea was stained uniformly , also 
stained spots was observed. 
Score 3: More than 2/3 of the area of the all 
15 cornea was stained uniformly , or 

1/3 - 2/3 of the area of the all 
cornea was stained uniformly, also 
stained spots were observed. 



The results are shown in Fig. 5. As can be 
20 seen from Fig. 5, the cornea of the New Zealand White 
rabbits of the test group, to which the 1% eye drop 
liquid were administered, the score of intravital 
staining with Rose Bengal colorant are lower than those 
shown by the control group. Thus, the compound of the 
25 present invention significantly inhibits and cures the 
mucoid capsulitis caused by wind blowing method. 



» 
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(ii) Score evaluation of the injured cornea by method 
of intravital staining with fluorescein-Na 
colorant 

Defective portion of the cells and abnormal 
5 portion of the intercellular space were stained by 
method of intravital staining with fluorescein-Na 
colorant, and the mucoid capsulitis on the cornea of 
the rabbit of the test group was evaluated on the basis 
of the scores according to the stained degree of the 

10 cornea similar to those employed in the above-mentioned 
intravital staining with Rose Bengal colorant (mean 
value ± S.E*, n = 10 eyes)* 

As a result , comparing with the fluorescein 
score at 1 day after the wind blowing, the score of the 

15 control group was 2 or more, while the score of the New 
Zealand White rabbits of the test group, to which the 
1% eye drop liquid were administered, was almost 1. 
Thus, the compound of the present invention signifi- 
cantly inhibits and cures mucoid capsulitis induced by 

20 wind blowing method . 

Pharmacological Test 4 

(Test of the dry eye model prepared by preventing 
of blinking) 
(1) Test liquid 
25 1% Eye drop liquid (eye drop liquid contain- 

ing 1% of the compound of the present invention), which 
is similar to the one employed in Pharmacological Test 
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3, was used as the test liquid. 

As to the control test, dissolving agent of 
the eye drop without containing a compound of the 
present invention was used* 



5 (2) Method for preparing the dry eye model 

A New Zealand White female rabbits were used 
for the test. The nictitating membrane of the rabbit 
was excised before the test. 

To both eyes of the rabbit was administered, 
10 as anesthetic, by injecting in the abdominol cavity 
with 2 g/body weight of uretan. The eyelids of the 
rabbit were compulsively kept open by use of an eye 
speculum, and were allowed to stand as they were at 
25°C for 2 hours. The tear fluid was evaporated, and 
15 the surface of the cornea was dried, an injured cornea 
epithelium as the dry eye model of was prepared. 

(3) Administration of the test compound 

Two weeks before the preventing of blinking, 
the 1% eye drop liquid was administered 4 times/day at 
20 intervals of 2.5 hours* The final administration with 
the eye drop liquid was conducted 5 minutes before the 
preventing of blinking. 

As to the control test, the dissolving agent 
of the eye drop without containing a compound of the 
25 present invention was used as the reference. 
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(4) Evaluation method and the results 

After finished the preventing of blinking, 50 
III of 1% methylene blue solution was administered by 
eye drop of the rabbit of the test group, and the eye 
5 was washed thoroughly with a physiological saline. 

Then, the rabbit was killed by intravenous 
administration with an excessive amount of pento- 
barbital injection solution, and the cornea was 
enucleated. The methylene blue was extracted from the 

10 enucleated cornea by using a mixture of acetone : an 

aqueous solution saturated with sodium sulfate - 7:3 by 
taking time for overnight* Optical density at 660 nm 
of the thus obtained extract was measured, and the 
methylene blue being stained to the injured portion of 

15 the cornea epithelium was calculated (mean value ± 
S . £ . , n * 8 eyes ) • 

Results are shown in Fig. 6. As can be seen 
from the Fig. 6, the compound of the present invention 
inhibits the injury of the corneal epithelium induced 

20 by preventing of blinking. 

Pharmacological Test 5 

(Test of the dry eye model prepared by removal 
of the mucoid layer from the conjuctiva) 
(1) Test liquid 
25 1% Bye drop liquid (eye drop liquid contain- 

ing 1% of the compound of the present invention), which 
is similar to the one employed in Pharmacological Test 
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3, was used as the test liquid. 

As to the control test, dissolving agent of 
the eye drop without containing a compound of the 
present invention was used . 

5 (2) Method for preparing the dry eye model 

The dry eye model was prepared by dissolving 
and removing the mucoid layer from the conjuctiva of 
a New Zealand White female rabbit by instillation with 
an N-acetylcysteine solution of 10% in concentration, 
10 by means of eye drop 6 times at intervals of 2 hours 
for 1 day. 

«■ 

(3) Administration of the test compound 

1% Eye drop liquid was administered 4 
times/day at intervals of 2.5 hours and were continued 
15 for 2 weeks. 

As to the control test, the dissolving agent 
of eye drop liquid without containing a compound of the 
present invention was used as the reference. 

(4) Evaluation method and the results 

20 2 Weeks after the beginning of administra- 

tion of the 1% eye drop liquid, the rabbit was killed 
by intravenous administration of an excessive amount of 
pentobarbital injection solution, then the cornea was 
enucleated. The amount of the mucoid substance 

25 covering on the conjuctiva was measured by a procedure 
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similar to that employed in Alcian Blue binding method 
in Pharmacological Test l f (2) (i) (mean value ± S.E., 
n = 6 eyes ) . 

The results are shown in Fig. 7. As can be 
seen from Fig. 7, the amount of the colorant binded 
onto the mucoid substance covering on the conjuctiva 
in the New Zealand White rabbits of the test group, to 
which the 1% eye drop liquid were administered, the 
amount of the mucoid substance covering on the 
conjuctiva are higher than those shown by control 
group. Thus, the compound of the present invention 
increases the amount of the mucoid substance covering 
on the conjuctiva up to almost the same level as on the 
surface of the eyes in normal state. 

In Fig. 7, the symbol M #" means p < 0.05 vs. 
the eyes in normal state (t-test); and the symbol 
means p < 0,01 vs. the eyes of control group (t-test). 



* 
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CLAIMS 



1 m An agent for curing ophthalmological diseases 

which contains, as the active ingredient , a carbostyril 
derivative or salt thereof represented by the general 
5 formula ( I ) , 



CH2CH-COOH 




(wherein R is a halogen atom, the substituted position 
of the side-chain of the formula , 



^CHiCH-COOH 
NHCO— 



is 3- or 4-position in the carbostyril skeleton, and 
10 the carbon-carbon bond between 3- and 4 -positions in 
the carbostyril skeleton is a single bond or a double 
bond ) . 

2. The agent for curing ophthalmological 

diseases according to Claim 1, which is an agent for 
15 accelerating proliferation of the goblet cells in the 
eye . 
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3. The agent for curing ophthalmologic a 1 

diseases according to Claim 1, which is an agent for 
increasing the amount of mucoid substance secreted in 
the eye. 

5 4. The agent for curing ophthalmological 

diseases according to Claim 1, which is an agent for 
increasing the amount of tear fluid secreted in the 
eye* 

5 . The agent for curing ophthalmological 

10 diseases according to Claim 1, wherein the ophthal- 
mological disease is xerophthalmia (dry eye) syndrome* 

6 . The agent for curing ophthalmological 
diseases according to Claim 1, which is an agent for 
curing injury of the eye. 

15 7. The agent for curing ophthalmological 

diseases according to Claim 6, wherein the injury of 
the eye is an injury of corneal epithelium. 

8. The agent for curing ophthalmological 
diseases according to any one of Claims 1 to 7 , wherein 

20 the effective ingredient is 2- ( 4-chlorobenzoylamino)- 
3- ( 2-quinolon-4-yl ) propionic acid or a salt thereof. 

9. The agent for curing ophthalmological 
diseases according to Claim 8, which is in the form of 
a pharmaceutical preparation suitable for ophthal- 

25 mological application. 

10. A pharmaceutical preparation suitable for 
ophthalmological application which contains 2-(4- 
chlorobenzoylamino)-3-( 2-quinolon-4-yl )propionic acid 
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or a salt thereof together with usual vehicles 
(diluents or excipients ) acceptable to pharmaceutical 
preparations for ophthalmological applications, 
11. Method for treating ophthalmological diseases 

5 by using an agent for curing ophthalmological diseases 
which contains, as the active ingredient , a carbostyril 
derivative or salt thereof represented by the general 
formula (I) r 




(wherein R is a halogen atom, the substituted position 
of the side-chain of the formula. 



CHiCH-COOH 

/ I 

NHCO 




is 3- or 4-position in the carbostyril skeleton, and 
the carbon-carbon bond between 3- and 4-positions in 
15 the carbostyril skeleton is a single bond or a double 
bond ) • 

12- Method for treating ophthalmological diseases 



WO 97/13515 PCT/JP96/02850 

38 

by using the agent for curing ophthalmo logical diseases 
according to Claim 11 , which is an agent for accelerat- 
ing proliferation of the goblet cells in the eye. 
13. Method for treating ophthalmological diseases 

5 by using the agent for curing ophthalmological diseases 
according to Claim 11 f which is an agent for increasing 
the amount of mucoid substance secreted in the eye. 
14* Method for treating ophthalmological diseases 

by using the agent for curing ophthalmological diseases 

10 according to Claim 11 , which is an agent for increasing 
the amount of tear fluid secreted in the eye. 
15. Method for treating xerophthalmia (dry eye) 

syndrome by using the agent for curing ophthalmological 
diseases according to Claim 11. 

15 16* Method for treating ophthalmological diseases 

by using the agent for curing ophthalmological diseases 
according to Claim 11, which is an agent for curing 
injury of the eye. 

17. Method for treating an injury of corneal 
20 epithelium by using the agent for curing ophthal- 
mological diseases according to Claim 16 . 

18. Method for treating ophthalmological diseases 
by using the agent for curing ophthalmological diseases 
according to any one of Claims 11 to 17, wherein the 

25 effective ingredient is 2-{4-chlorobenzoylamino)-3- ( 2- 
quinolon-4—yl ) propionic acid or a salt thereof. 

19. Method for treating ophthalmological diseases 
by using the agent for curing ophthalmological diseases 
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according to Claim 18 , which is in the form of a 
pharmaceutical preparation suitable for ophthal- 
mological application. 

20. Method for treating ophthalmological diseases 
5 by using a pharmaceutical preparation suitable for 

ophthalmological application which contains 2- (4- 
chlorobenzoylamino ) -3- ( 2-quinolon-4-yl ) propionic acid 
or a salt thereof together with usual vehicles 
(diluents or excipients) acceptable to pharmaceutical 
10 preparations for ophthalmological applications. 

21 . Use of a compound for preparing an agent for 
curing ophthalmological diseases which contains , as the 
active ingredient , a carbostyril derivative or salt 
thereof represented by the general formula (I), 



15 




CHjCH-COOH 
NHCO 



R 



-\=j 



(i) 



(wherein R is a halogen atom, the substituted position 
of the side-chain of the formula. 



CH a CH-C00H 
7 ^HCO-Of 



R 



is 3- or 4-position in the carbostyril skeleton, and 
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the carbon-carbon bond between 3- and 4-positions in 
the carbostyril skeleton is a single bond or a double 
bond ) . 

22. Use of a compound for preparing the agent for 
5 curing ophthalmological diseases according to Claim 21, 

which is an agent for accelerating proliferation of the 
goblet cells in the eye. 

23. Use of a compound for preparing the agent for 
curing ophthalmological diseases according to Claim 21, 

10 which is an agent for increasing the amount of mucoid 
substance secreted in the eye. 

24. Use of a compound for preparing the agent for 
curing ophthalmological diseases according to Claim 21 r 
which is an agent for increasing the amount of tear 

15 fluid secreted in the eye. 

25. Use of a compound for preparing the agent for 
curing xerophthalmia (dry eye) syndrome according to 
Claim 21. 

26. Use of a compound for preparing the agent for 
20 curing ophthalmological diseases according to Claim 21, 

which is an agent for curing injury of the eye. 
27 * Use of a compound for preparing the agent for 

curing ophthalmological diseases according to Claim 26, 
which is an agent for curing injury of the corneal 
25 epithelium. 

28. Use of a compound for preparing the agent for 

curing ophthalmological diseases according to any one 
of Claims 21 to 27, wherein the effective ingredient is 



) 
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2- (4-chlorobenzoylamino ) -3- ( 2-quinolon-4-yl ) propionic 
acid or a salt thereof. 

29 # Use of a compound for preparing the agent for 

curing ophthalmological diseases according to Claim 28 , 
5 which is in the form of a pharmaceutical preparation 
suitable for ophthalmological application* 
30. Use of a pharmaceutical preparation suitable 

for ophthalmological application which contains 
2- (4-chlorobenzoylamino ) - 3- ( 2-quinolon-4 -yl ) propionic 
10 acid or a salt thereof together with usual vehicles 

(diluents or excipients) acceptable to pharmaceutical 
preparations for ophthalmological applications* 
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